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@ Semiconductor device. 

@ A semiconductor device is formed using a 
monosilicon (2) substrate laminated to a tem- 
porary substrate through an insulator (1). An 
integrated circuit (10,11) is formed on the 
monosilicon. The monosilicon is then fixed to a 
support member (6) through an adhesive (5) 
and protective films (3, 4, 7). 

The device has a number of features to im- 
prove the reliability thereof including : 

a) that the protective film comprises silicon 
oxynitride or siflcon nitride (3) ; 

b) a levelling layer (7) ; 

c) spacing the bottom of the source and drain 
regions in a transistor in the integrated circuit 
from the insulator ; and 

d) doping near the channel to suppress any 
parasitic channel. 

The semiconductor device has particular ap- 
plication as a drive substrate for a light valve in 
an active matrix. 
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The present invention relates to a semiconductor 
device. Particularly but not exclusively, the present 
invention relates to a semiconductor drive substrate 
used for a light valve such as an active matrix liquid 
crystal display. More specifically, the present inven- 5 
tion relates to a structure in which a pixel switching 
element group and a peripheral driver circuit are 
formed integrally on a common substrate. 

Conventionally, a so-called TFT substrate in 
which thin film transistors (TFT) are integrally formed 10 
on an insulating substrate, such as quartz, have been 
known to constitute a drive substrate of an active ma- 
trix light valve. For example, Japanese Patent Laid- 
open No. 3-101 714 discloses a TFT substrate utilizing 
polysilicon as a semiconductor thin film material. Fur- 1 s 
thermore, it is also known to employ another type of 
TFT substrate utilizing an amorphous silicon in place 
of the polysilicon. In either case, the polysilicon and 
amorphous silicon have a relatively small carrier mo- 
bility: hence it is difficult to form a peripheral drive cir- 20 
cuit on the same substrate. 

Recently, other technology has been developed 
and is disclosed in, for example, Japanese Patent 
Laid-open No. 3-100516. In this other technology, a 
single crystal silicon or monosilicon layer is laminated 25 
on an insulating substrate, such as quartz, to form the 
drive substrate. In contrast to polysilicon and amor- 
phous silicon, monosilicon has a relatively great mo- 
bility, and therefore has an advantage that a periph- 
eral drive circuit of high performance and large ca- 30 
pacity may be formed concurrently by utilizing regular 
IC fabrication processes. However, in practice the 
process temperature during IC fabrication can reach 
up to 1150°C, which causes bending deformation of 
a wafer due to the difference of thermal expansion 35 
coefficients between the monosilicon layer and the 
insulating substrate. This results in the drawback that 
the desired yield rate cannot be obtained. 

Another technology which has been recently de- 
veloped involves a drive substrate of the light valve 40 
formed of a bulk monosilicon wafer, as disclosed, for 
example, in 8th International Workshop on Future 
Electron Devices, March 14-16, 1990, pages 81 - 84, 
Kouch-Ken, Japan. Regular LSI fabrication process- 
es can be applied to the bulk monosilicon wafer with- 45 
out problems. However, the wafer must be trans- 
formed into a transparent substrate for use in the light 
valve. An integrated circuit formed in the wafer is sub- 
jected twice to a device transfer process, so as to re- 
place the silicon wafer by a transparent substrate, so 
thereby disadvantageous^ complicating the fabricat- 
ing steps. 

In order to reduce the number of steps for device 
transfer in changing the bulk monosilicon wafer to a 
transparent substrate, in the prior art one has used 55 
epitaxial technology which is disclosed, for example, 
in Japanese Patent Laid-open Nos. 63-90859 and 63- 
101831. In this prior art, an insulating layer is formed 



on a surface of a single crystal silicon wafer, and 
thereafter a window is selectively opened to form 
therein an epitaxial monosilicon region. A transistor 
device is formed in this epitaxial region, and then the 
transistor device is transferred to a transparent sub- 
strate to thereby replace the silicon wafer. In this 
transferring process, the surface of the transistor de- 
vice is coated by a protective film composed of silicon 
dioxide by chemical vapour deposition CVD, and fur- 
ther the transparent substrate is laminated by an ad- 
hesive. Then, the bulk portion of the silicon wafer is 
removed while utilizing the above mentioned insulat- 
ing film as an etching stopper. 

In the last mentioned prior art (JP-A-63-101831), 
the regular IC fabrication process is applicable since 
the monosilicon wafer is utilized, and further advan- 
tageously only a single device transfer process is re- 
quired. However, when transferring . Uie.. integrated 
transistor device, the silicon wafer and the transpar- 
ent substrate or a support member are laminated with 
each other by adhesive. The adhesive normally con- 
tains contaminants such as alkali metal: hence the 
device surface is provisionally applied with a protec- 
tive film or a passivation film. As described before, the 
protective film is composed of a silicon dioxide film 
containing phosphorus <PSG film) deposited by CVD. 
However, the adhesive contains water vapor and hy- 
drogen gas besides the alkali metal, which may dis- 
advantageous^ degrade the electrical characteristics 
of the device. While the PSG film can effectively 
block contaminants such as alkali metal, the water va- 
por and hydrogen gas may permeate the PSG film, 
therefore failing to protect the device. 

In view of the problems of the prior art a first ob- 
ject of the present invention is to prevent degradation 
of the device and to improve the reliability in the sub- 
strate structure where a light valve device formed on 
the monocrystal semiconductor layer is transferred to 
the transparent support member. 

Further, in the above last noted prior art (JP-A- 
63-101831), the surface of the monosilicon wafer is 
covered by the insulating film, which is then selective- 
ly opened to provide a window to form an epitaxial re- 
gion for integrating the device. However, such a proc- 
ess is rather complicated, requires delicate control 
and is therefore not suitable for mass production. 

In view of this, according to the present invention, 
a drive substrate of an active matrix light valve is 
formed by using a substrate having a monosilicon lay- 
er disposed on a silicon wafer through an electrically 
insulative material (hereinafter, such a substrate is re- 
ferred to as "SOI substrate"). With such a device va- 
rious disadvantages and drawbacks may arise when 
a device element such as a transistor is formed in the 
monosilicon layer disposed on the electrically insula- 
tive material. These drawbacks include increase in 
leak current by a parasitic channel, instability of a 
substrate potential level, and generation of a photo- 
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electric leak current Thus, a second object of the 
present invention is to improve the electrical charac- 
teristics of a transistor formed in the SOI substrate. 

According to the present invention there is pro- s 
vided a semiconductor device characterised by com- 
prising an electrically insulative layer, a monosilicon 
layer disposed on the insulative layer and having at 
least one integrated circuit formed thereon, a passi- 
vation film covering at least the integrated circuit, an 10 
adhesive layer disposed on the passivation film, and 
a support member fixed to the electrically insulative 
layer through the adhesive layer to support the mono- 
silicon layer. 

The present invention also provides a method of 15 
producing a semiconductor device characterised by 
comprising: forming an SOI substrate having a single 
crystal semiconductor layer laminated on a tempor- 
ary substrate through an electrically insulative layer 
forming a integrated circuit on the single crystal sem- 20 
iconductor layer; fixing a support member by adhe- 
sive to a surface of the integrated circuit at an oppo- 
site side to the temporary substrate; removing the 
temporary substrate to expose a flat surface of the 
electrically insulative material; and forming at least an 25 
electrode on the exposed flat surface of the electri- 
cally insulative layer. 

An image projection apparatus may also be pro- 
vided having a light source for irradiating at least one 
light valve and an optical lens for projecting an en- 30 
larged image displayed on the light valves wherein 
the light valves each comprise a semiconductor de- 
vice as defined above. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 35 
ings, of which: 

Fig. 1 is a schematic sectional diagram showing 
a preferred embodiment of a semiconductor de- 
vice according to the present invention; 
Fig. 2 is a sectional diagram showing a first em- 40 
bodiment of the inventive semiconductor device; 
Fig. 3 is a sectional diagram showing a second 
embodiment of the inventive semiconductor de- 
vice; 

Fig. 4(A-1) to Fig. 4{B-2) are schematic diagrams 45 
showing a third embodiment of the inventive 
semiconductor device; 

Fig. 5 is a sectional diagram showing one exam- 
ple of an inventive MIS transistor having a struc- 
ture effective to suppress a leak current; so 
Fig. 6 is a sectional diagram showing an inventive 
MIS transistor having a channel structure of sim- 
ilar leak current suppression type; 
Fig. 7 is a sectional diagram showing an inventive 
MIS transistor having another channel structure 55 
of the leak current suppression type; 
Fig. 8 is a sectional diagram showing an inventive 
MIS transistor having a similar leak current sup- 
pression structure; 



Fig. 9 is a graph showing an impurity density pro- 
file measured along the line A - B of Fig. 5; 
Fig. 10 is a graph showing another impurity den- 
sity profile measured along the line C - D of Fig 
6; 

Fig. 11(A) to Fig. 11(D) illustrate the steps in the 
production of the Fig. 5 MIS transistor; 
Fig. 12 is a sectional diagram showing an inven- 
tive MIS transistor having a leak current suppres- 
sion structure; 

Fig. 13 is a sectional diagram showing an inven- 
tive MIS transistor of the LDD type having a sim- 
ilar leak current suppression structure; 
Fig. 14 is a sectional diagram showing an inven- 
tive complementary MIS transistor pair having a 
leak current suppression structure; 
Fig. 1 5 is a schematic plan view illustrative of gen- 
eration mechanism of a parasitic channel; 
Fig. 1 6 is a sectional diagram taken along the line 
E-FofFig. 15; 

Fig. 17 is a schematic sectional diagram illustra- 
tive of a parasitic channel suppression structure; 
Fig. 18 is a sectional diagram showing an inven- 
tive complementary MIS transistor pair having a 
parasitic channel suppression structure; 
Fig. 1 9 is a sectional diagram showing another in- 
ventive complementary MIS transistor pair hav- 
ing a similar parasitic channel suppression struc- 
ture; 

Fig. 20 is a sectional diagram showing a further 
inventive complementary MIS transistor pair hav- 
ing a similar parasitic channel suppression struc- 
ture; 

Fig. 21 is a plan view showing bipolar action. 
Fig. 22 is a sectional diagram taken along the line 
X-XofFig. 21; 

Fig. 23 is a plan view showing an embodiment 
having a structure where the substrate potential 
is fixed; 

Fig. 24 is a sectional diagram taken along the line 
Y-YofFig.23; 

Fig. 25(A) and Fig. 25(B) are schematic general 
diagrams illustrative of a parastic channel gener- 
ating mechanism; 

Fig. 26 is a graph showing a profile of impurity 
boron in the vicinity of a boundary between a 
monosilicon layer and a dielectric material layer; 
Fig. 27 is likewise a graph showing a profile of an 
impurity phosphorus in the vicinity of a boundary 
between the monosilicon layer and the dielectric 
material layer; 

Fig. 28 is a schematic diagram illustrative of an 
photoelectric current generation mechanism; 
Fig. 29 is an energy band diagram of the mono- 
silicon layer; 

Fig. 30 is a graph showing the relationship be- 
tween a gate voltage and a drain current in the 
MIS transistor; 
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Fig. 31 is a schematic diagram showing a light 
valve of the active matrix type constructed by us- 
ing the inventive semiconductor device; 
Fig. 32 is a schematic diagram showing an image 5 
projector constructed by using the Fig. 31 light 
valve; 

Fig. 33(A) to Fig. 33(C) illustrate the steps in the 
production of the inventive light valve; 
Fig. 34(A) and Fig. 34(B) illustrate the steps in the 10 
production of the inventive light valve; and 
Fig. 35(A) to Fig. 35(D) are schematic diagrams 
showing examples of SOI substrates used in the 
production of the inventive semiconductor de- 
vice. 15 
Fig. 1 shows a preferred embodiment including 
means for solving the above noted drawbacks of the 
prior art and for achieving the objects of the present 
invention. The inventive semiconductor device can be 
utilized, for example, as a drive substrate of an active 20 
matrix light valve. The semiconductor device has, at 
least, an integrated circuit formed in a single crystal 
silicon or monosilicon layer 2 provided on an electri- 
cally insulative material 1. The electrically insulative 
material 1 may be composed of, for example, a silicon 25 
dioxide layer. The semiconductor device is produced 
by using an SOI substrate in which the monosilicon 
layer 2 is provided on a monosilicon wafer (not shown 
in the figure) through the electrically insulative mate- 
rial 1 or dielectric material composed of silicon dioxide 30 
film. In the completed state shown in the figure, the 
monosilicon wafer is removed. The dielectric material 
1 composed of silicon dioxide is initially buried be- 
tween the monosilicon layer 2 and the monosilicon 
wafer, and is therefore called "BOX". 35 

The integrated circuit formed in the monosilicon 
layer 2 is covered by a passivation film having a top 
layer composed of a silicon oxynitride film or a silicon 
nitride film 3. In this embodiment, the passivation film 
has a double layer structure composed of the above 40 
mentioned silicon oxynitride film or silicon nitride film 
3 and a silicon dioxide film 4. A transparent adhesive 
layers is disposed on the passivation film. The mono- 
silicon layer 2 formed on the dielectric material 1 is 
fixed to and supported by a transparent support mem- 45 
ber 6 through the adhesive layer 5. Stated otherwise, 
the integrated circuit initially formed on the SOI sub- 
strate is transferred to the support member 6 to obtain 
transparency. Preferably, a levelling layer 7 is inter- 
posed between the passivation film and the adhesive so 
layer 5. 

The integrated circuit formed in the monosilicon 
layer 2 includes a group of pixel switch elements 8 of 
an active matrix display, and a driver integrated circuit 
9 for driving the pixel switch elements 8. The pixel 55 
switch elements 8 and the driver integrated circuit 9 
are composed of an MIS transistor of the electric field 
effect type having a metal/insulator/semiconductor 
structure. Particularly, each of the pixel switching ele- 



ments 8 is composed of a P channel type MIS tran- 
sistor 10. On the other hand, the driver integrated cir- 
cuit 9 is comprised of complementary MIS transistors. 
In this preferred embodiment, an N channel type MIS 
transistor 11 is formed in a region of the monosilicon 
layer 2 having a relatively great thickness, while a P 
channel type MIS transistor 12 is formed in another 
region of the monosilicon layer 2 having a relatively 
small thickness. Further, the driver integrated circuit 
9 is formed in a region of the monosilicon layer 2 hav- 
ing a relatively great thickness, while the group of the 
pixel switching elements 8 is formed in another region 
of the monosilicon layer 2 having a relatively small 
thickness. 

According to the present invention, the passiva- 
tion film having the top layer composed of the silicon 
oxynitride film or silicon nitride film 3, is interposed 
between the monosilicon layer 2 formed with, the in- 
tegrated circuit, and the adhesive layer 5. The silicon 
oxynitride film or silicon nitride film 3 has a thickness 
over 1 00 nm, so as to prevent permeation of water va- 
por and hydrogen gas. This suppresses degradation 
of electrical characteristics of the transistor and im- 
proves the reliability of the integrated circuit 

The levelling layer 7 is interposed between the 
passivation film and the adhesive layer 5. This level- 
ling layer 7 is composed of, for example, silicon diox- 
ide, which does not hinder the performance of the in- 
tegrated circuit and which is chemically stable and 
highly reliable. The interposed levelling layer 7 Is ef- 
fective to improve adhesion force between the adhe- 
sive layer 5 and the passivation film. Generally, the 
levelling layer 7 composed of silicon dioxide has bet- 
ter adhesion force to the adhesive layer 5 than the sil- 
icon oxynitride film or silicon nitride film 3. 

The integrated circuit formed in the monosilicon 
layer 2 is composed of an MIS transistor having a tiny 
device size which enables high integration suitable for 
a drive substrate of active matrix light valves of large 
capacity. Further, the use of the monosilicon layer as 
a device region achieves higher operation speed of 
the integrated circuit which is also particularly suit- 
able for an active matrix light valve. The driver inte- 
grated circuit 9 is composed of complementary MIS 
transistors effective to reduce device area and im- 
prove integration density as well as to lower power 
consumption. Further, the P channel MIS transistor 
1 0 is formed in a relatively thin region of the monosi- 
licon layer 2, while the N channel MIS transistor 11 is 
formed in a relatively thick region, thereby effectively 
suppressing leak current. Moreover, the group of pix- 
el switching elements 8 is composed of the P channel 
type transistor 10 which has a relatively small leak 
current as compared to an N channel type MIS tran- 
sistor. 

Thus, in the present invention, the integrated cir- 
cuit is produced by using the SOI substrate, which 
can be used with ordinary IC fabrication processes of 
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high temperature. Further, the integrated circuit 
formed on the SOI substrate can be transferred to the 
transparent support member 6 by a single device 
transfer. 5 

Fig. 2 is a schematic sectional diagram showing 
a first embodiment of the semiconductor device ac- 
cording to the present invention. This embodiment is 
similar to the basic structure of Fig. 1, and therefore 
corresponding portions are denoted by the same ref- 10 
erence numerals to facilitate understanding. 

In contrast to the Fig. 1 construction, in this first 
embodiment in Fig. 2 the levelling layer is eliminated. 
Namely, the adhesive layer 5 directly contacts the sil- 
icon oxynitride film or silicon nitride film 3 disposed as 15 
the top layer of the passivation film. Such a construc- 
tion simplifies the production. Though not mentioned 
in Fig. 1, a rear side of the dielectric material 1 is 
formed with a light shielding layer 13 composed of a 
patterned metal film, which covers selectively the 20 
MIS transistors 10, 11 and 12 to suppress the photo- 
electric leak current Additionally, although not men- 
tioned in Fig. 1, a pixel electrode 14, composed of a 
patterned polysilicon film, is connected to a source re- 
gion of the MIS transistor 1 0, which constitutes each 25 
pixel switching element 8. 

Fig. 3 is a schematic sectional diagram showing 
a second embodiment of the inventive semiconductor 
device. This embodiment is similar to the Fig. 1 con- 
struction, and therefore, the same reference numer- 30 
als are used for the same parts to facilitate under- 
standing. The difference in this embodiment is that 
the MIS transistor 10, which constitutes the pixel 
switching element 8, is formed in a polysilicon layer 
or an amorphous layer 15, rather than the monosili- 35 
con layer 2. In this embodiment, a region of the mono- 
silicon layer 2 on the dielectric material 1 is partly 
transformed into an insulating film 16, such as a sili- 
con oxide film. The polysilicon f iim or amorphous sil- 
icon film 15 is formed on the insulating film 16 for 40 
forming the MIS transistor 10 as the pixel switching 
element Further, the polysilicon or amorphous sili- 
con film 15 is extended to constitute a pixel electrode. 

In this embodiment the group of pixel switching 
elements are composed of MIS transistors. However, 45 
the present invention is not limited to this, but the pix- 
el switching elements may be composed of diodes. 
The polysilicon or amorphous silicon transistor has a 
smaller number of electron and hole pairs generated 
by light irradiation and has a shorter life of carriers, so 
as compared to the monosilicon transistor. Polysilicon 
or amorphous silicon transistors are thus suitable for 
the drive substrate of light valves. The driver integrat- 
ed circuit 9 is however composed of a monosilicon 
transistor in a manner similar to the Fig. 1 construe- 55 
tion. The monosilicon transistor has a high driveabili- 
ty, and is therefore suitable for producing a small and 
fast driver integrated circuit. 

Fig. 4 is a schematic diagram showing a third em- 



bodiment of the inventive semiconductor device. 
Parts (A-1) and (A-2) are a schematic sectional view 
and a plan view respectively showing one MIS tran- 
sistor of the driver integrated circuit This MIS transis- 
tor 12 is formed in the monosilicon layer 2 disposed 
on a dielectric material, i.e., BOX 1 , (see page 6 for a 
definition) and is comprised of a source region S, a 
drain region D and a gate electrode G. The MIS tran- 
sistor 12 is provided in a device region bordered by a 
field oxide film 17. As shown in the figure, the device 
region of the MIS transistor 12 has a width size 
and length size L,. 

Parts (B-1) and (B-2) are a sectional view and a 
plan view respectively of one MIS transistor 10 taken 
from the group of pixel switching elements 8. Similar- 
ly, the MIS transistor 1 0 is comprised of a drain region 
D, a source region S and a gate electrode G. The de- 
vice region, surrounded by the field oxicle film 1 7, has 
a width size W 2 and a length size L 2 . In this embodi- 
ment the surface area (ie. product of L 2 and W2) of 
the MIS transistor 10, which constitutes the pixel 
switching element 8, is set smaller than the surface 
area (ie. product of L, and of the other MIS tran- 
sistor 12 contained in the driver integrated circuit 

As described before, the monosilicon transistor 
has a greater photoelectric leak current as compared 
to the polysilicon transistor and the amorphous silicon 
transistor. Namely, in the monosilicon transistor, the 
number of electron and hole pairs generated by the 
light irradiation is much greater, and the life of the 
pairs is much longer. Particularly, the pixel switching 
element group is frequently exposed to light irradia- 
tion. Therefore, in order to reduce a generation area 
of carriers and to suppress photoelectric leak current 
the size of the MIS transistor of the pixel switching 
element group is set smaller than that of the other 
MIS transistor contained in the driver integrated cir- 
cuit For the same reason, a thickness of the mono- 
silicon layer 2 is set smaller in the device region of the 
MIS transistor 10, than that in the other device region 
of the MIS transistor 12 shown in Figs. 4(A-1) and 
4(A-2)_ 

To aid understanding of the present invention, the 
description will now turn briefly to the photoelectric 
leak phenomenon of the monosilicon transistor with 
reference to Figs. 28 - 30. A monosilicon layer is pat- 
terned in an island shape on the BOX. An N channel 
MIS transistor is formed in the pattern monosilicon 
layer, in which a channel region Ch is provided be- 
tween a source region S and a drain region D. Agate 
electrode G is patterned over the channel region Ch 
through a gate insulating film GOX. Pairs of electrons 
and holes are generated in the channel region Ch 
upon irradiation of incident light The holes are easily 
accumulated in the channel region Ch to draw elec- 
trons from the source region S held at a ground po- 
tential to thereby induce the so-called bipolar action. 
On the other hand, the electrons are attracted by the 
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drain region held at a positive potential, and are con- 
currently collected in a portion of a boundary be- 
tween the BOX and the monosilicon layer where an 
energy band drops. The electrons thus eventually 5 
drift to the drain region D through the boundary path. 
A photoelectric current thus flows in such a manner. 

Fig. 29 shows the variation of an energy band in 
the monosilicon layer shown in Fig. 28 with respect to 
the thickness. The conduction band CB falls at the 10 
boundary between the monosilicon layer S-Si of the 
channel region and the BOX to provide an energy 
band structure in which electrons tend to be stored. 
Because of this, the leak current tends to flow 
through the boundary between S-Si and BOX, partic- 15 
ularly in the IM channel transistor. Further, an energy 
band of the valence band VB also falls at the bound- 
ary between S-Si and BOX. Because of this, the 
holes are not collected in this boundary area. 

Fig. 30 is a graph showing the relationship be- 20 
tween a gate voltage V G and a drain current l D of the 
monosilicon transistor. The measurement is carried 
out at a constant drain voltage V D . The dotted curve 
indicates the characteristic under light irradiation, and 
the solid curve indicates another characteristic under 25 
light shielding. As seen from the graph, the leak cur- 
rent increases under light irradiation, thereby hinder- 
ing the ON/OFF characteristic of the monosilicon 
transistor. 

The monosilicon MIS transistor of the thin film 30 
type formed on the dielectric material, also suffers 
from another problem in that leak current increases 
through a so-called parasitic channel, in addition to 
the photoelectric leak current. To aid understanding, 
the parasitic channel will now be discussed in con- 35 
junction with Figs. 25 - 27, before proceeding to de- 
scribe several embodiments directed to suppression 
of the parasitic channel. 

Fig. 25(A) shows a general structure of the N 
channel MIS transistor formed in the SOI substrate. 40 
A monosilicon layer S-Si is surrounded by a field ox- 
ide film FOX to provide a device region on a BOX. The 
device region is formed with a pair of source and drain 
regions S, D of N + type, and a channel region is pro- 
vided therebetween. Agate electrode G is patterned 45 
over the channel region through a gate insulating film 
GOX. An impurity region of P~ type is provided in the 
monosilicon layer S-Si just under the gate electrode 
G. 

Fig. 25(B) shows a P channel MIS transistor so 
formed on the same SOI substrate. In the P channel 
structure, the drain region D and the source region S 
are composed of a P* type impurity region, and an NT 
type impurity region is provided in the monosilicon 
layer S-Si just under the gate electrode G. 55 

Fig. 26 shows the depth profile against density of 
the P- type impurity region of the N channel type MIS 
transistor shown in Fig. 25(A). In this case, boron is 
doped as a P type impurity. As seen from this profile, 



the boron density is abruptly reduced in the monosi- 
licon layer S-Si around the boundary between the 
monosilicon layer S-Si and the BOX due to segrega- 
tion of boron. Therefore, the boron density is very thin 
in the boundary region, thereby providing a current 
path of the N channel MIS transistor. Consequently, 
a parasitic channel is easily formed to increase the 
leak current 

On the other hand, Fig. 27 shows the depth pro- 
file against density in the N- type impurity region of 
the P channel MIS transistor shown in Fig. 25(B). In 
this case, phosphorus is doped as an N type impurity. 
As seen from this profile, the phosphorus density is 
increased in the monosilicon layer S-Si around the 
boundary between the monosilicon layer S-Si and 
the BOX due to segregation of phosphorus. There- 
fore, an electric path is hardly formed in the bot idary 
region because of the relatively high de,osi|ypf doped 
phosphorus. Consequently, the P channel MIS tran- 
sistor is structurally much free from a parasitic chan- 
nel as compared to the N channel MIS transistor. 

Similar to an ordinary MIS transistor formed in a 
wafer composed of a bulk monosilicon, the MIS tran- 
sistor formed in the SOI substrate is subjected to a 
channel doping process for threshold control. For ex- 
ample, in the N channel transistor, a P type impurity, 
such as boron, having the same conductivity type as 
the monosilicon layer, is doped, by ion implantation, 
into a surface portion of the monosilicon layer having 
a relatively low impurity density, typically less than 
IxlO^cnr 3 . By channel doping of the P type impurity, 
the monosilicon layer has a relatively high impurity 
density of the P type in the surface portion and a rel- 
atively low impurity distribution in the internal portion. 
Therefore, in the N channel MIS transistor formed in 
the SOI substrate, the P type impurity density is low- 
ered in the vicinity of the boundary to the BOX or bur- 
ied oxide film, as compared to the surface portion. 
Further, the use of boron as an impurity may cause 
segregation at the boundary between the monosili- 
con layer and the BOX as mentioned before, so that 
the impurity density is further reduced in the mono- 
silicon layer. Not only the N channel transistor, but 
also the P channel transistor contains an electric field 
in the boundary between the monosilicon layer and 
the BOX so as to form a depletion region and inver- 
sion region around the boundary. Consequently, a 
parasitic channel is induced in a region of the mono- 
silicon layer adjacent to the BOX. This region has a 
threshold value smaller than that of the normal chan- 
nel region. 

Several embodiments will be described herein- 
after in detail with reference to Figs. 5 - 20, directed 
to suppression of the parasitic channel. First in an 
embodiment shown in Fig. 5, an N channel MIS tran- 
sistor is formed on an SOI substrate in an island 
shape. The SOI substrate has a laminate structure in 
which a monosilicon layer S-Si is laminated on a sub- 
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strate SUB composed of silicon through a BOX. This 
monosilicon layer S-Si is patterned in the island 
shape as described above to define a device region. 
The N channel MIS transistor includes a P*~ region R 5 
composed of the monosilicon layer S-Si which con- 
tains a P type impurity, a pair of NT source and drain 
regions S, D formed in the monosilicon layer S-Si 
doped with a P type impurity, and a channel region Ch 
formed over the region R between the source and 10 
drain regions S f D. A gate electrode G is patterned 
over the channel region Ch through a gate insulating 
film GOX. The P type impurity is doped into the region 
, P adjacent to the BOX, at a sufficient density to pre- 
vent generation of a parasitic channel between the 15 
source and drain regions S, D. In addition, an N type 
impurity is doped into the channel region Ch for con- 
trolling a threshold voltage. 

Fig. 9 shows an impurity density profile taken 
along the line A- B of Fig. 5. As seen from this profile, 20 
the region R is doped with the P type impurity, the 
amount of which is greater than that of the prior art 
so as to supplement a deficiency of the P type impur- 
ity due to segregation at the boundary between S-SI 
and the BOX. By this, inversion of the parasitic chan- 25 
nel can be prevented prior to the inversion of the nor- 
mal surface channel, thereby avoiding inadvertent 
conduction between the source region S and the 
drain region D. Further, the N type impurity is doped 
into the surface channel region Ch to reduce relative- 30 
ly or effectively the density of the P type impurity for 
effecting a desired threshold control. 

Fig. 6 shows another embodiment directed to 
suppression of the parasitic channel, and being com- 
posed of a similar N channel MIS transistor formed on 35 
the SOI substrate. In this embodiment, a region Rof 
the monosilicon layer is composed of a P type impur- 
ity layer disposed between the gate insulating film 
GOX and the dielectric material BOX. The density of 
the P type impurity is distributed such that the region 40 
R adjacent to the BOX has a thicker density than the 
channel region Ch. 

Fig. 10 shows a density profile of the P type im- 
purity taken along the line C- D of Fig. 6. Likewise, in 
this embodiment the density of the P type impurity 45 
is set higher in the vicinity of the boundary adjacent 
to the BOX so as to supplement any density decrease 
due to segregation. On the other hand, the density of 
the P type impurity is lowered in the surface channel 
region Ch to obtain a desired threshold characteristic. so 
Such a density profile can be established by adjusting 
the acceleration energy of impurity ions in an ion im- 
plantation process. 

Fig. 7 shows a P channel MIS transistor formed 
in the SOI substrate, corresponding to the N channel 55 
MIS transistor shown in Fig. 5. Namely, the region R 
of the monosilicon layer adjacent to BOX contains an 
N type impurity, the density of which is set greater 
than that of the prior art, thereby suppressing a para- 



sitic channel. On the other hand, the surface channel 
region Ch has a certain density of the P type impurity, 
which is lower than that of the rest of the region R to 
obtain a desired threshold characteristic. 

Fig. 8 shows likewise a P channel MIS transistor 
formed on the SOI substrate, which corresponds to 
the N channel MIS transistor shown in Fig. 6. Namely, 
in this embodiment, the region R of the monosilicon 
layer adjacent to BOX contains an N type impurity 
having a relatively high density as compared to the 
prior art so as to suppress a parasitic channel. On the 
other hand, the surface channel region Ch has a den- 
sity of the N type impurity which is set lower than that 
of the rest of the region R to thereby obtain a desired 
transistor threshold characteristic. 

Referring to Fig. 11 the description will now be 
given in detail for a method of producing the Fig. 5 
embodiment First an SOI substrate is prepjared in 
Step (A). In this, a SOI substrate, a monosilicon layer 
103 having a thickness of less than 1 \m\ is provided 
on a silicon substrate 101 through a silicon oxide film 
102 which constitutes a dielectric material or a BOX. 
Subsequently, a P type impurity, such as boron, is 
doped by ion implantation at a given impurity density 
(for example, 1 x lO^crrr 3 ). The density is sufficient 
to avoid generation of a parasitic channel in the 
monosilicon layer 1 03. Thereafter subjecting the wa- 
fer to a diffusion and activation process. Namely, a 
heating process is effected to establish a substantial- 
ly uniform distribution of the P type impurity density 
in the monosilicon layer 103. 

In Step (B), the monosilicon layer 103 is selec- 
tively removed by etching to leave a transistor device 
region 104 to thereby effect device isolation among 
individual transistors. Alternatively, a LOCOS method 
may be adopted for the device isolation. Further, the 
above noted doping process of the P type impurity 
may be carried out after the device isolation of Step 
(B). 

Next, in Step (C) f a gate insulating film 105 of the 
MIS transistor is formed by a thermal oxidation meth- 
od or CVD method. Thereafter, an N type impurity is 
doped by ion implantation into a surface area of the 
region previously doped with the P type impurity for 
the threshold control. This forms in a surface of the 
transistor device region 104, a channel region 106 in 
which the density of the P type impurity is effectively 
reduced. The N type impurity is preferably composed 
of arsenic As having a relatively small diffusion coef- 
ficient; however, phosphorus P or antimony Sb may 
be selected if desired. 

Lastly in Step (D), a gate electrode 1 07 is formed 
by an IC process. Further, an N type impurity is doped 
by ion implantation at a relatively great amount in self- 
alignment manner, to form a pair of source region 1 08 
and drain region 109. The channel region 106 is thus 
provided therebetween, doped succeedingly with P 
type impurity, just under the gate electrode 107. 
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The source and drain regions 108, 109 are com- 
posed of an N type impurity layer which contacts with 
the silicon oxide film 102. Internal region 110, sand- 
wiched by these regions, is doped with a sufficient s 
density of the P type impurity, effective to prevent 
generation of a parasitic channel along a boundary 
113 with the silicon oxide film 102. In the channel re- 
gion 106, formed between the source region 108 and 
the drain region 109, along a surface layer of the de- 10 
vice region, the threshold value of the N channel MIS 
transistor might be excessively boosted since the in- 
ternal region 110 has a relatively high impurity density 
of the P type impurity. In order to lower the threshold 
to a practical level, the N type impurity is doped to ef- 15 
fectively reduce the density of the P type impurity in 
the channel region 106. In the internal region 110 ex- 
cept the channel region 106, the impurity density is 
relatively high so that a junction capacitance may be 
increased between the source and drain regions 1 08, 20 
109, and the internal region 110. However, practically 
the source and drain regions 108, 109 are contacted 
with the silicon oxide film 10Z* hence the junction ca- 
pacitance is not as increased when compared to the 
ordinary case, where the impurity density is made 25 
higher in a bulk silicon wafer. This is done so as not 
to hinder an operation speed of the transistor. 

Fig. 12 shows still another embodiment effective 
to suppress the parasitic channel. An N channel MIS 
transistor is formed on an SOI substrate. This MIS 30 
transistor is characterized in that an impurity, of an 
opposite conductivity type to that of the source and 
drain regions, is doped into a vicinity of the boundary 
between the dielectric material or BOX and the mono- 
silicon layer S-Si, and adjacent to the opposed sides 35 
of the source and drain regions S ( D. Specifically, the 
source and drain regions S, D have a density of N 
type impurity in the order of 10*> crrr^, while the in- 
ternal region R between the regions S, D has a den- 
sity of P type impurity in the order of 1 x 10 16 crrr 3 . 40 
Further, a region B adjacent to the source and drain 
regions S, D in the vicinity of the boundary between 
the BOX and S-Si has a density of the P type impurity 
in the order of 1 x 10 1 ? crrr 3 . In such a manner, the 
region B, adjacent to the regions S, D in the vicinity 45 
of the boundary, has a higher density of P type impur- 
ity than that of the internal region R, thereby effi- 
ciently suppressing a parasitic channel. This region B 
might suffer from the reduction in the effective den- 
sity of the P type impurity due to diffusion of an N type so 
impurity from the source and drain regions S, D. 

Fig. 13 shows a still further embodiment which 
has basically the same construction as that of the Fig. 
12 embodiment. A difference is in that the N channel 
MIS transistor has an LDD structure. Namely, an LDD 55 
region is formed by doping an N type impurity at a rel- 
atively low density as compared to that of the source 
and drain regions S, D. Each LDD region is disposed 
just under a side spacer SS, composed of silicon di- 



oxide, formed on the side walls of the gate electrode 
G. The region B just under the LDD region has a cer- 
tain density of the P type impurity, set greater than 
that of the internal region R, thereby effectively sup- 
pressing a parasitic channel. 

Fig. 14 shows a still further embodiment for sup- 
pressing a parasitic channel, in which a pair of com- 
plementary MIS transistors are formed on an SOI 
substrate. A silicon oxide film BOX is formed at a 
thickness of several tens nm to several p.m on a 
monosilicon substrate SUB which has a thickness of 
500 - 700 nm. An N channel MIS transistor has a 
source region SN and a drain region DN, a depth of 
which can be controlled in the order of 0.3 - 0.5 nm. 
This N channel MIS transistor further includes a gate 
electrode GN composed of polysilicon, a gate insulat- 
ing film GOXN composed of silicon oxide, and a P 
type well PW composed of a P type impurity region 
having a relatively low concentration. 

On the other hand, the P channel MIS transistor 
comprises a source region SP, a drain region DP, a 
gate electrode GP composed of polysilicon, a gate in- 
sulating film GOXP composed of silicon oxide, and an 
N type well NW composed of an N type impurity re- 
gion having a low concentration. These complemen- 
tary transistor devices are separated from each other 
by a field oxide film FOX composed of silicon dioxide. 
In this embodiment, the P type well refers to a region 
of the monosilicon layer where the N channel MIS 
transistor is formed, while the N type well refers to an- 
other region of the monosilicon layer where the P 
channel MIS transistor is formed. The P type well is 
composed of a P type impurity region having a low 
concentration formed by ion implantation etc. Alterna- 
tively, when the SOI substrate has a monosilicon lay- 
er initially containing a P type impurity and a new P 
type impurity may not be doped by ion implantation or 
diffusion, a P type well may be defined in a region 
where an N channel MIS transistor is formed. The 
same is true for the definition of the N type well. 

In the Fig. 14 embodiment, the bottom of the 
source and drain regions SN, SD of the N channel 
MIS transistor does not contact with BOX. Stated 
otherwise, the bottom is spaced from the boundary 
between the BOX and PW. where an inversion layer 
or a depletion layer might be induced, thereby avoid- 
ing generation of a parasitic channel. Further, the bot- 
tom of the source and drain regions SP, DP of the P 
channel MIS transistor also does not contact the 
BOX. In addition, the bottom of the field oxide film 
FOX does not contact with the BOX. 

Fig. 15 is a plan view showing the N channel MIS 
transistor formed on the BOX. The source region SN 
and the drain region DN are separated at opposite 
sides by the gate electrode GN, composed of polysi- 
licon, containing a high density of N type impurity. 
The field oxide film FOX composed of thick silicon di- 
oxide covers a surface portion except for the source 
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region SN, drain region DN and gate electrode G. 

Fig. 16 shows a sectional structure taken along 
the channel widthwise direction of the N channel MIS 
transistor where the bottom of the field oxide film 5 
FOX contacts with the dielectric material BOX. Name- 
ly, the section is taken along the line E - F of Fig. 15. 
This figure shows the monosilicon substrate SUB, the 
dielectric material BOX, P type well PW, gate insulat- 
ing film GOXN, field oxide film FOX and gate elec- 10 
trode GN. The source region SN and the drain region 
DN (not shown in the figure) are disposed forward 
and rearward, respectively, in the direction normal to 
the drawing paper, and therefore an electric current 
flows in the direction normal to the paper along the 15 
channel. The field oxidef ilm FOX has an edge formed 
in a tapered shape called "bird's beak" BB. After form- 
ing the field oxide film FOX, a hatched portion r of a 
very thin monosilicon layer remains under the bird's 
beak BB. Normally, boron is doped as P type impurity 20 
into the P type well PW. When subjecting the mono- 
silicon to an oxidation process, boron, existing in the 
vicinity of silicon surface, tends to migrate to the sili- 
con oxide film due to the aforementioned segrega- 
tion. Thus, when forming the field oxide film FOX, a 25 
considerable amount of boron is drifted from the re- 
gion r of the monosilicon layer just under the bird's 
beak, to the field oxide film FOX. Consequently, the 
very thin monosilicon portion r just under the bird's 
beak has an impurity density of boron, which is con- 30 
siderably lower than that of the P type well just under 
the gate oxide film GOXN. 

Normally, an insulated gate transistor of the field 
effect type has an electric path called a channel dis- 
posed under the gate insulating film. In the N channel 35 
MIS transistor, the higher the boron density in the 
channel region, the higher the threshold value of the 
gate voltage for conducting the channel. However, in 
the N channel MIS transistor formed on the SOI sub- 
strate, the bottom of thef ield oxide film FOX may con- 40 
tact with the dielectric material BOX as shown in Fig. 
1 6. The portion r, having a very thin boron density, is 
formed to thereby lower the threshold value at that 
portion. Additionally, when the bottom of the source 
and drain regions contacts with the BOX, this portion 45 
r of very low boron concentration may constitute a 
parasitic current path. The portion r under the bird's 
beak BB shown in Fig. 16 corresponds to the hatched 
portion r in Fig. 15. The portion r is positioned width- 
wise of the sides of the N channel MIS transistor to so 
form a parasitic channel to thereby increase the leak 
current. 

In order to eliminate such a parasitic channel, the 
bottom of the field oxide film FOX is structurally 
spaced from the dielectric material BOX in the afore- 55 
mentioned Fig. 14 embodiment In order to make clear 
this point, Fig. 17 shows a section of the N channel 
MIS transistor of the present embodiment, taken 
along the channel widthwise direction. Namely, the 
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Fig 17 structure corresponds to the Fig. 14 structure 
but an orthogonal section. As understood from this 
figure, the bottom of the field oxide film FOX is 
spaced from the dielectric material BOX Accordingly, 
the monosilicon layer can remain at a substantial 
thickness under the bird's beak BB. Therefore, in the 
portion r under the bird's beak BB, any P type impur- 
ity of boron contained therein can be prevented from 
seriously reducing the density. Namely, when carry- 
ing out a LOCOS oxidation process of the monosili- 
con layer to form the field oxide f flm FOX, boron con- 
tained in the portion r under the birds beak BB mi- 
grates into the FOX, while this portion r is supplied 
with boron from an underlaying monosilicon portion 
of the P type. Consequently in this construction, a 
parasitic channel can be effectively eliminated width- 
wise along the sides of the channel of the N channel 
MIS transistor, in contrast to the Figs. 15 and 16 con- 
struction. 

Fig. 18 shows a variation of the Fig. 14 embodi- 
ment, and corresponding references are used for cor- 
responding parts for facilitating understanding of the 
embodiment The difference is that the bottom of the 
source and drain regions SN, DN of the N channel 
MIS transistor does not contact the BOX, while the 
bottom of the source and drain regions SP, DP of the 
P channel MIS transistor contacts the BOX and also 
the bottom of the field oxide film FOX contacts the 
BOX. As long as the bottom of the source and drain 
regions of the N channel MIS transistor does not con- 
tact the BOX, a parasitic channel can be eliminated 
widthwise from the channel ends of the N channel 
MIS transistor even though the bottom of the field ox- 
ide film contacts the BOX. Even if the bottom of the 
source and drain regions of the P channel MIS tran- 
sistor contacts the BOX, the P channel MIS transistor 
is relatively free from a parasitic channel as described 
before, thereby suppressing a leak current 

Fig. 1 9 shows another modification of the Fig. 1 4, 
embodiment and likewise the same references are 
used for denoting corresponding parts for better un- 
derstanding. The difference is that while the bottom 
of the field oxide film FOX contacts the BOX, the 
BOX is spaced from the bottom of the source and 
drain regions SN, DN of the N channel MIS transistor, 
and also the source and drain regions SP, DP of the 
P channel MIS transistor. In a manner similar to the 
Fig. 14 embodiment a parasitic channel may not be 
produced in either of the N channel and P channel 
MIS transistors, thereby suppressing a leak current 
Fig. 20 is a schematic section showing a further 
variation of the Fig. 14 embodiment. The same refer- 
ence numerals denote corresponding parts for better 
understanding. The difference is that the BOX is 
spaced from a first field oxide film FOX1 disposed in 
a region of the P type well PW, one half of a second 
central field oxide film FOX2 on the lefthand side, 
and source and drain regions, SN, DN of the N chan- 
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nel MIS transistor. On the other hand, the BOX con- 
tacts a third field oxide film FOX3 disposed in a region 
of an N type well NW, the other half of the second 
field oxide film FOX2 on the right hand side, and s 
source and drain regions SP, DP of the P channel MIS 
transistor. In the modification of Fig. 20, as opposed 
to the embodiments shown in Figs. 14, 1 8 and 1 9, the 
P type well PW formed with the N channel MIS tran- 
sistor is composed of a thick monosilicon layer having 10 
a thickness ts N which is greater than a thickness ts P 
of a thin monosilicon layer constituting the N type well 
NW formed with the P channel MIS transistor. By 
such a construction, the source and drain regions SN, 
DN of the N channel MIS transistor can be spaced is 
from the dielectric material layer BOX. Similar to the 
Figs. 18 and 19 embodiments, the Fig. 20 modifica- 
tion is free of a parasitic channel in either of the com- 
plementary MIS transistors, thereby advantageously 
suppressing any leak current 2 q 

A complementary pair of MIS transistors are 
formed in those of the Figs. 14, 18, 19 and 20 embodi- 
ments. However, the present invention is not limited 
to this, but a bipolar transistor and other devices can 
be formed concurrently with the complementary MIS 25 
transistors. Namely, the semiconductor device ac- 
cording to the present invention is not limited to a so- 
called CMOSIC, but may include BiCMOSIC and oth- 
ers. 

The description will now be given for embodi- 30 
ments directed to suppression of "bipolar action". A 
substrate potential of the monosilicon layer is floated 
in the transistor, which is formed on the SOI sub- 
strate. Therefore, holes tend to be stored in the sub- 
strate of the N channel MIS transistor, while electrons 35 
tend to be stored in the substrate of the P channel MIS 
transistor. The storage of these carriers in the sub- 
strates may lower a barrier height (which is an internal 
potential of the PN junction and is called a "built-in po- 
tential") between the source region and the substrate, 40 
so that the carriers start to flow from the source re- 
gion to the substrate. Such a bipolar action is descri- 
bed before in conjunction with Fig. 28. The substrate 
potential must be fixed in order to prevent this bipolar 
action, and the following embodiments are directed 45 
thereto. 

Prior to the description of the embodiments, brief 
discussion will be given for the background art in con- 
junction with Figs. 21, 22 to aid understanding. 

Fig. 21 is a plan view showing a drive substrate so 
utilized in a light valve of the active matrix type, and 
particularly showing a picture area thereof. This pic- 
ture area is formed on a monosilicon layer S-Si pro- 
vided on a dielectric material (not shown). Scanning 
lines G are formed of a polysilicon in a row direction ss 
on the surface of the drive substrate. A part thereof 
constitutes a gate electrode. Further, a plurality of pix- 
el electrodes E are formed in a matrix arrangement. 
Each pixel electrode E is composed of a polysilicon 
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having a thickness in the order of several tens nm, 
and therefore is substantially transparent. An individ- 
ual transistor comprises a source region S and drain 
region D formed of a high density impurity layer in a 
monosilicon. The source region S is connected to a 
corresponding pixel electrode E through a contact 
hole CON. Further, the drain region D is connected 
to a signal line (not shown) composed of metal, such 
as aluminium, through another contact hole CON. 

Fig. 22 shows a sectional structure of an individ- 
ual transistor which constitutes a pixel switching ele- 
ment, taken along the channel lengthwise direction. 
Namely, the section is taken along the line X-X of Fig. 
21 when the transistor is a P channel MIS transistor. 
This transistor is provided with an N type well W con- 
taining an N type impurity. The gate electrode G is 
patterned as a part of the aforementioned scanning 
line over the well through a gate oxide.film jGOX. A 
pair of source and drain regions S, D containing a high 
density P type impurity are formed on either side of 
the N type well W. Such a structure of the P channel 
MIS transistor is provided on an underlayer of silicon 
oxide film BOX. This transistor is surrounded by a 
field oxide film FOX for device isolation. The source 
region is connected to a pixel electrode (not shown) 
through a thin polysilicon film P-Si. The gate elec- 
trode G is coated by a silicon oxide film SiOa to pro- 
vide electrical separation from the pixel electrode. 
The signal line SIG is composed of metaJ, such as alu- 
minium, and is connected to the drain region D of the 
transistor. The signal line SIG is electrically insulated 
from the pixel electrode by an intermediate insulating 
film PSG. 

In this embodiment, the N well W, composed of 
N type impurity and the source and drain regions S, 
D, are formed in a monosilicon layer disposed on the 
dielectric material BOX. As shown in the figure, the 
monosilicon layer has a relatively small thickness ts, 
such that the bottom of the source and drain regions 
S, D directly contacts the underlying silicon oxide film 
BOX. Since the thickness ts of the monosilicon layer 
is rather thin, the bottom of the field oxide film FOX 
also contacts the underlying oxide film BOX. The po- 
tential of the N type well W must be fixed in order to 
stably operate such a transistor construction for pixel 
switching. However, the N type well W is completely 
surrounded by the field oxide film FOX, and is there- 
fore isolated in an island shape. Stated otherwise, a 
portion of the monosilicon layer which constitutes the 
N type well W is separated from another portion of the 
monosilicon layer formed with a peripheral driver cir- 
cuit, and is therefore difficult to provide a substrate 
potential internally. 

Thus, Fig. 23 shows a particular embodiment of 
the present invention in which a substate potential of 
the pixel switching transistor is fixed in the drive sub- 
strate of the active matrix type light valve. A monosi- 
licon layer S-Si is provided on a dielectric material (not 
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shown), and is formed with individual pixel switching 
transistors. This drive substrate is formed with scan- 
ning lines G composed of polysilicon, a part of which 
constitutes a gate electrode of the transistor. Further, s 
pixel electrodes E are formed of a polysilicon having 
a thickness of several tens nm. The transistor is pro- 
vided with source and drain regions S, D composed 
of a high density P type impurity layer in the monosi- 
licon layer S-Si. Another high density N type impurity 10 
region WR of the opposite conductivity type is provid- 
ed in the vicinity of the drain region D. The source re- 
gion S is connected to the pixel electrode E through 
.a first contact hole CON1. The drain region D is con- 
nected to a signal line (not shown) composed of met- is 
al, such as aluminium, through a second contact hole 
CON2. Moreover the region WR of the high concen- 
tration N type impurity is connected to another metal 
lead (not shown),composed of aluminium, through a 
third contact hole CON3. 2 o 

Fig. 24 shows a sectional structure of the pixel 
switching transistor, taken along the line Y-Y of Fig. 
23. In this embodiment, the pixel switching element 
comprises the P channel MIS transistor. This transis- 
tor is formed in the N type well W containing the N 25 
type impurity. The gate electrode G is patterned as a 
part of the scanning line over the N type well W 
through a gate oxide film GOX. The N type well W is 
formed at opposite sides thereof with the source re- 
gion S, composed of a high density p type impurity 30 
layer, and the high density N type impurity region WR 
of the opposite conductivity type, respectively. Fur- 
ther, the drain region D (not shown) is provided be- 
hind the N type impurity region WR. This transistor is 
formed over the underlying silicon oxide film BOX 35 
having a thickness in the order of serval hundreds nm 
to several urn. Its device region is isolated from other 
transistors by a field oxide film FOX. The source re- 
gion S is connected to a pixel electrode (not shown) 
through a thin polysilicon film P-Si. Further, the gate 40 
electrode G composed of a polysilicon film is insulat- 
ed from the pixel electrode composed of another poly- 
silicon film by a silicon oxide film Si0 2 . Further, the 
aluminium metal lead Al is connected to the above 
noted high density N type impurity region WR to pro- 45 
vide thereto a ground potential. The aluminium lead 
Al is insulated from the pixel electrode by an inter- 
mediate insulating film PSG. The aluminium metal 
lead is extended from a peripheral driver circuit to 
electrically connect to the N type impurity region WR so 
of the high density. Consequently, the N type well W 
adjacent to the N type impurity region WR of high 
density can also be stably fixed to ground potential. 

Needless to say in the aforegoing embodiment, 
the aluminium lead may be formed of other metals. 55 

Fig. 31 shows one embodiment of a light valve 
utilizing the inventive semiconductor device as a driv- 
er substrate, and specifically shows a liquid crystal 
light valve of the active matrix type. This light valve 
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has a laminate structure where a drive substrate 201 , 
composed of the inventive semiconductor device, is 
coupled to a counter substrate 202, composed of 
transparent glass, by a spacer 203, and an electro- 
optical material in the form of liquid crystal 204 is 
sandwiched between the pair of substrates. The driv- 
er substrate 201 has a multi-layer structure where an 
integrated circuit formed in a monosilicon layer 206 
provided on a dielectric material 205 is transferred to 
a support member 208 by means of an adhesive layer 
207. As described before, a passivation film 209 pro- 
tects the integrated circuit, and a silicon oxynitride 
film or a silicon nitride film 210 is disposed as a top 
layer of the passivation film 209, thereby efficiently 
protecting the integrated circuit from degradation of 
its electrical characteristics due to water vapor and 
hydrogen gas contained in the adhesive layer 207. 
The driver substrate 201 is divided into g. peripheral 
driver circuit area and a picture area. The picture area 
is formed integrally with pixel electrodes 211 ar- 
ranged in a matrix and pixel switching elements 212 
for driving the pixel electrodes 211. The peripheral 
driver circuit area is masked by a light shield film 213 
from a rear face. Further, the pixel switching ele- 
ments 212 are also masked by the light shielding film 
213 from the rear face. The dielectric material 205 has 
a thickness t 2 in the peripheral driver circuit area, 
which is set greater than another thickness t, of the 
dielectric material disposed in the picture area. Par- 
ticularly, the reduction in thickness of the dielectric 
material 205 of the picture area may improve the ef- 
ficiency of the electric field applied to the liquid crys- 
tal 204. 

An orientation film 214 is formed on a rear face 
over the picture area of the driver substrate 201. Fur- 
ther, the counter substrate 202 is provided on its inner 
front face with a common electrode 215 and another 
orientation film 21 6. 

Fig. 32 shows an image projector utilizing the Fig. 
31 light values which are of the transmission type. 
This image projector 301 comprises a light source 
302, such as a lamp, and three light valves 303 - 305. 
The light source 302 illuminates the light valves 303 
- 305 so that images on the respective light valves are 
projected divergently by an optical lens 306. In this 
embodiment, the three valves are arranged for re- 
spective images of three primary colours Red, Green 
and Blue R. G and B correspondingly. 

The source light is reflected by a first mirror M1 , 
passes through a filter 307, and is then split by a first 
dichroic mirror DM1 into a R component, and remain- 
ing G and B components. The R component is reflect- 
ed by a second mirror M2, and thereafter passes 
through a condenser lens C1 to irradiate the first light 
valve 303. On the other hand, the G component is div- 
ided out by a second dichroic mirror DM2, and there- 
after irradiates the second light valve 304 through a 
condenser lens C2. The last B component irradiates 
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the third valve 305 through a condenser lens C3. The 
R, G and B components passing through the respec- 
tive light valves are combined together by dichroic 
mirrors DM3 t DM4 and a mirror M3. The combination s 
is then projected divergently by the optical lens 306. 

As described before, the respective light valve is 
comprised of a driver substrate formed with pixel 
electrodes, and a driver circuit for activating the pixel 
electrodes according to a given sic *al, a counter sub- 10 
strate opposed to the driver substrate, and an electro- 
optical material layer composed of liquid crystal or 
other such medium disposed between the driver and 
counter substrates. The driver substrate includes a 
transparent dielectric material, a single crystal semi- 15 
conductor layer formed on the transparent dielectric 
material, and a light shielding layer provided on a rear 
face of the transparent dielectric material in opposed 
relation to the single crystal semiconductor layer. The 
driver circuit contains transistor elements formed in 20 
the single crystal layer. The light shielding layer is pro- 
vided to mask an active portion of each transistor ele- 
ment The pixel electrodes are integrally formed in the 
single crystal semiconductor layer, and is electrically 
connected to the driver circuit The driver circuit acti- 25 
vates the pixel electrodes to act on the electro-optical 
material to control transmittance thereof to thereby 
function as a light valve. 

The description wiil now turn to a method of pro- 
ducing a light valve in conjunction with Figs. 33 and 30 
34. In the first step shown in Fig. 33(A), there is pre- 
pared an SOI substrate composed of a three-layer 
structure in which a temporary substrate 401 and a 
single crystal semiconductor layer 402 are laminated 
with each through a transparent dielectric material 35 
403. In this embodiment the temporary substrate 
401 is composed of monosilicon having a thickness 
of 500 - 700 urn, the single crystal semiconductor lay- 
er 402 is composed of a thin film monosilicon having 
a thickness about 1 jim, and the transparent dielectric 40 
material 403 is composed of silicon dioxide having a 
thickness about 1 urn. 

Next, in the second step shown in Fig. 33(B), a 
pixel electrode 404 is formed in a portion where the 
single crystal semiconductor layer 403 is selectively 45 
removed, or in a portion where a silicon dioxide film 
is selectively formed over the SOI substrate. Further, 
the single crystal semiconductor layer 403 is formed 
with a pixel switching element 405 and a driver inte- 
grated circuit 406 for selectively feeding a signal to so 
each pixel switching element 405. Further, the driver 
is coated by a passivation film 407. The top layer 408 
of this passivation film 407 is composed of a silicon 
oxynitride film or a silicon nitride film as described be- 
fore. 55 

In the third step shown in Fig. 33(C), a support 
member 410 is mounted through an adhesive layer 
409 on the surface of the SOI substrate formed with 
the pixel electrodes 404 and the driver. Preferably, a 



levelling Iayer411 is interposed between the passiva- 
tion film 407 and the adhesive layer 409. 

Next, in the fourth step shown in Fig. 34(A), the 
temporary substrate is removed to expose the trans- 
parent dielectric material 403. The removal of the 
temporary substrate is carried out by an etching proc- 
ess using the transparent dielectric material 403 as 
an etching stopper. 

In the fifth step shown in Fig. 34(B), a through- 
hole 412 is formed in a given location of the exposed 
transparent dielectric material 403. Further, a metal 
film is formed entirely over the exposed transparent 
dielectric material 403. Subsequently in the sixth 
step, the metal f iim is patterned to form a light shield- 
ing layer 413 which covers partly or entirely the driver 
as well as to concurrently form an electrode pad 414. 
This electrode pad 414 is electrically connected to the 
driver through the through-hole 412 to provide an ex- 
ternal electrode lead. Lastly, in the seventh step, 
though not shown in the figure, a counter substrate 
provisionally formed with a transparent electrode, is 
fixed to the rear face of the drive substrate formed 
with the light shielding layer, yet leaving a gap. Then, 
an electro-optical material is filled in the gap to com- 
plete the light valve. 

Lastly, the description will now turn to the method 
of producing the SOI substrate used for making the 
semiconductor device according to the present inven- 
tion. Currently, SOI substrates using monosilicon are 
classified into two types of wafer. The first type is pro- 
duced such that oxygen atoms are ion-implanted into 
a monosilicon substrate at a given depth, and there- 
after the substrate is annealed. This type of SOI wafer 
is called SIMOX. This wafer has the feature that the 
monosilicon of the SOI layer has very small variation 
of thickness. However, unless the thickness of the 
SOI silicon layer is less than 0.2 ^m, the SIMOX wafer 
cannot achieve good quality of the monosilicon layer 
after annealing. When the monosilicon of the SOI lay- 
er has such a thin thickness, the bottom of the source 
and drain regions, of both the N channel and P chan- 
nel MIS transistors, may contact the BOX, thereby 
failing to eliminate a parasitic channel. 

In view of this, the present invention mainly util- 
izes an SOI substrate produced by a bonding method. 
Fig. 35(A) to Fig. 35(D) show various examples of the 
bonded SOI substrate. The SOI substrate shown in 
Fig. 35(A) is the most basic one in which a monosili- 
con layer 503 is bonded onto a monosilicon substrate 
501 through a silicon oxide film 502. 

In the SOI substrate shown in Fig. 35(B), three 
layers of electrically insulative material are interposed 
between the monosilicon substrate 501 and the 
monosilicon thin film 503. This electrically insulative 
material is composed of an intermediate silicon nitride 
layer 504 sandwiched by upper and lower silicon ox- 
ide layers 505, 506. The silicon nitride layergenerates 
an internal tension strain. On the other hand, the sil- 
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icon oxide layer generates a compression strain. 
These layers are laminated with one another to can- 
cel the tension and compression strains with each 
other to thereby reduce the overall stress. s 

In the SOI substrate shown in Fig. 35(C), double 
layers of silicon nitride 507 and silicon oxide 508 are 
interposed between the monosilicon substrate 501 
and the monosilicon film 503. In a similar manner, the 
tension and compression strains are cancelled by 10 
each other to eliminate any bending deformation in 
the SOI substrate. 

In SOI substrate shown in Fig. 35(D), further dou- 
ble layers of silicon nitride 509 and silicon oxide 510 
are added to the structure of the aforementioned SOI 15 
substrate shown in Fig. 35(C). 

Lastly, though not specifically referring to the 
drawings, the description will include basic processes 
of producing the inventive semiconductor device as a 
summary. 20 

In the first step, a SOI substrate is formed such 
that a single crystal semiconductor layer is laminated 
on a temporary substrate through an electrically insu- 
lative material. In the second step, an integrated cir- 
cuit is formed in the single crystal semiconductor lay- 25 
er. In the third step, a support member is f ixed by ad- 
hesive to a surface of the formed integrated circuit op- 
positely to the temporary substrate. In the fourth 
step, the temporary substrate is removed to expose 
a flat rear face of the electrically insulative material. 30 
Lastly in the fifth step, at least an electrode is formed 
on the exposed flat face of the electrically insulative 
material. 

Preferably, in the first step, a semiconductor sub- 
strate, composed of monosilicon, is fixed to the tern- 35 
porary substrate, composed of silicon, through the 
electrically insulative material, composed of silicon di- 
oxide, by thermal pressing. Therefore, the semicon- 
ductor substrate is polished into a thin film to thereby 
form the SOI substrate having a monosilicon layer. 40 
Further preferably, in the first step, a silicon nitride 
layer is deposited on the temporary substrate com- 
posed of silicon as an underlayer, and subsequently 
a silicon dioxide layer is deposited by CVD to thereby 
form the electrically insulative material. Thereafter, 45 
the semiconductor is fixed by thermal pressing. Fur- 
ther, in the fourth step, the temporary substrate is re- 
moved by etching or a combination of etching and pol- 
ishing by using the silicon dioxide layer or silicon nitr- 
ide layer as an etching stopper. Moreover, in the third so 
step, the support member is fixed by means of an ad- 
hesive containing mainly silicon dioxide. Alternatively, 
an adhesive is applied to a surface of the integrated 
circuit, and is then cured to form a single layer of the 
support member. 55 

As described above, according to the present in- 
vention, the semiconductor device is constructed 
such that the integrated circuit formed in the SOI sub- 
strate is transferred to the transparent support mem- 



ber by means of an adhesive layer. In this structure, 
a silicon oxynitride film or silicon nitride film is utilized 
as a top layer of the passivation film for coating the 
integrated circuit, thereby advantageously blocking 
any water or hydrogen contained in the adhesive lay- 
er, to prevent degradation of the electrical character- 
istics of the integrated circuit to improve its reliability. 
Further, a levelling layer may be interposed between 
the adhesive layer and the passivation film when 
transferring the integrated circuit, thereby advanta- 
geously improving the adhesion strength. Particular- 
ly, the levelling layer can be composed of silicon di- 
oxide material, which does not affect the integrated 
circuit, thereby advantageously and stably maintain- 
ing the reliability. 

The inventive semiconductor device can be used 
as a drive substrate for a light valve of the active ma- 
trix type. In such a case, a switching transistor con- 
tained in a picture area can be composed of polysili- 
con or amorphous silicon, thereby advantageously 
suppressing any photoelectric leak current. On the 
other hand, the peripheral driver circuit may be com- 
posed of transistors utilizing the monosilicon as it is, 
thereby advantageously realizing a driver circuit hav- 
ing high driveability, small device size and fast oper- 
ation speed. 

Further, according to the present invention, an 
impurity having an opposite conductivity type to the 
source and drain regions are doped into the boundary 
between the monosilicon layer and the dielectric ma- 
terial BOX, of a relatively high density, thereby advan- 
tageously suppressing any parasitic channel. Partic- 
ularly, the bottom of the source and drain regions of 
the N channel MIS transistor may be spaced from the 
underlying dielectric material, thereby advantageous- 
ly preventing the parasitic channel. Similarly, the bot- 
tom of the field oxide film surrounding a device region 
of the N channel MIS transistor may be spaced from 
the underlying dielectric material, thereby advanta- 
geously eliminating the parasitic channel. 

When the inventive semiconductor device is util- 
ized as a drive substrate of the light valve, the switch- 
ing transistor element formed in the picture area may 
be irradiated by an incident light. In view of this, the 
size of the pixel switching transistor is set smaller 
than that of the peripheral driver circuit transistor, 
thereby avoiding any increase in photoelectric cur- 
rent Particularly, the pixel switching element can be 
composed of a P channel MIS transistor, which is ef- 
fective to suppress any leak current, thereby advan- 
tageously improving the ON/OFF characteristic. Fur- 
ther, the pixel switching transistor is formed in a re- 
gion where the monosilicon layer has a relatively 
small thickness as compared to another region of the 
monosilicon layer where the peripheral driver transis- 
tor is formed, thereby advantageously suppressing 
any leak current 

In addition, the substrate potential of the transis- 
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tor is fixed in the monosilicon layer, thereby advanta- 
geously supressing any leak current due to bipolar ac- 
tion. 

According to the present invention, the SOI sub- 5 
strate produced by the bonding method is adopted 
thereby providing a semiconductor device having a 
low production cost and high reliability. Particularly, 
double layers of a nitride film and an oxide film are 
used as an electrically insulative material interposed 10 
between the monosilicon layer and the monosilicon 
substrate so that tension strain and compression 
strain are cancelled by each other, thereby advanta- 
geously preventing deformation of the SOI substrate. 

Additionally, when the inventive semiconductor 15 
device is used as a drive substrate in the light valve, 
the exposed dielectric material has a relatively small 
thickness in the picture area, thereby advantageous- 
ly generating an electric field to drive the light valve. 

The aforegoing description of the present inven- 20 
tion has been given by way of example only and it will 
be appreciated by a person skilled in the art that mod- 
ifications may be made without departing from the 
scope of the present invention. Moreover, it will be ap- 
preciated that the aforegoing embodiments are not 25 
exclusive to each other and may be combined in a va- 
riety of ways. 
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1. A semiconductor device characterised by com- 
prising an electrically insulative layer(1; 101 , 102; 
205; 403; 502), a monosilicon layer (2; 103; 206; 
402; 503) disposed on the insulative layer and 35 
having at least one integrated circuit (10, 11, 12; 
212; 405, 406) formed thereon, a passivation film 
(3, 4; 209; 407) covering at least the integrated 
circuit, an adhesive layer (5; 207; 409) disposed 
on the passivation film, and a support member (6; 40 
208; 410) fixed to the electrically insulative layer 
through the adhesive layer to support the mono- 
silicon layer. 

2. A semiconductor device according to claim 1, 45 
wherein the passivation film has a top layer (3; 

210; 408) comprising one of a silicon oxynitride 
film or a silicon nitride film. 

3. A semiconductor device according to claim 1 or 2, so 
including a levelling layer (7; 411) interposed be- 
tween the passivation film and the adhesive lay- 
er. 

k A semiconductor device according to any one of 55 
claims 1, 2 or 3, in which said integrated circuit 
comprises a number of switching elements (10; 
21 2; 405) and a number of drivers (1 1 ; 406), each 
for driving a respective switching element for use 



in an active matrix display. 

5. A semiconductor device as claimed in claim 4, 
further comprising an insulative film (16) formed 
from said monosilicon layer and a semiconduc- 
tive layer (15) disposed on said insulative film and 
comprising one of a polysilicon layer or an amor- 
phous silicon layer, in which said switching ele- 
ments are formed on said semiconductive layer. 

6. A semiconductor device according to claim 4 or 5, 
wherein the switching elements and the drivers 
comprise a MIS transistor of an electric field ef- 
fect type having a metal/insulator/semiconductor 
structure. 

7. A semiconductor device according to claim 6, 
wherein the switching elements ,each comprise 
an MIS transistor of a P channel type. 

8. A semiconductor device according to claim 6 or 7 
when dependent on claim 5, in which each MIS 
transistor of the switching elements is smaller 
than that of the respective MIS transistor forming 
the driver. 

9- A semiconductor device according to any one of 
claims 4 to 8, in which the drivers are formed in 
a region of the monosilicon layer having a rela- 
tively great thickness while the switching ele- 
ments are formed in another region where the 
monosilicon layer has a relatively small thick- 
ness. 

10. A semiconductor device according to any one of 
claims 6 to 9 when dependent on claim 6, in which 
each MIS transistor comprises a pair of source 
and drain regions a channel region (ch, 106) 
formed between the source and drain regions (S, 
D; 108 109) and a region (R) formed under said 
channel region. 

11. A semiconductor device according to claim 10, 
wherein the source and drain regions are spaced 
apart from the electrically insulative layer. 

12. A semconductor device according to claim 10 or 
11, in which said region includes an impurity of a 
first electroconductivity type, said source and 
drain regions contain another impurity of a sec- 
ond electroconductivity type and wherein an im- 
purity of the first electroconductivity type is dop- 
ed between the source and drain regions at a cer- 
tain density sufficient to suppress generation of 
a parasitic channel, and another impurity of the 
second electroconductivity type is doped into the 
channel region for controlling a threshold voltage. 
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13. A semiconductor device according to claim 10 or 
11, in which said region includes an impurity of a 
first electroconductivity type, said source and 
drain regions contain another impurity of a sec- 
ond electroconductivity type and wherein a gate 
electrode (G; 107) is disposed on the channel re- 
gion through a gate insulating film (GOX; 105), 
and wherein a part of the region positioned be- 
tween the gate insulating film and the electrically 
insulative layer comprises an impurity layer (1 06) 
of one electroconductivity type, having a relative- 
ly thin density in the channel region as compared 
, to a lower region in the vicinity of a boundary 
(11 3) to the electrically insulative material. 

14. A semiconductor device according to claim 10, 
11, 12 or 13, further including an impurity region 
(B) having an opposite electroconductivity type to 
that of source and drain regions, and being 
formed in the vicinity of a boundary between the 
electrically insulative layer and the monosilicon 
layer allocations adjacent to the source and drain 
regions. 

15. A semiconductor device according to any one of 
claims 6 to 14, in which an N type MIS transistor 
is formed in one of a P type impurity region and 
a P well region (PW) which includes a field oxide 
film (FOX, 17) spaced apart from the electrically 
insulative layer. 

1 6. A semiconductor device according to any one of 
claims 4 to 15, wherein each switching element 
has, around its vicinity, a high impurity region 
having the same electroconductivity type as that 
of a substrate composed of the monosilicon layer. 

17. A method of producing a semiconductor device 
characterised by comprising: forming an SOI 
substrate (101, 102; 205; 501) having a single 
crystal semiconductor layer (2,103; 206; 402; 
503) laminated on a temporary substrate (101; 
401) through an electrically insulative layer (1; 
102; 205; 403; 502) forming a integrated circuit 
(10, 11, 12; 212; 405, 406) on the single crystal 
semiconductor layer fixing a support member (6; 
208; 410) by adhesive (5; 207; 409) to a surface 
of the integrated circuit at an opposite side to the 
temporary substrate; removing the temporary 
substrate to expose a flat surface of the electri- 
cally insulative material; and forming at least an 
electrode (14; 211; 404) on the exposed flat sur- 
face of the electrically insulative layer. 

18, A method of producing a semiconductor device 
according to claim 17, wherein forming the SOI 
substrate comprises fixing the single crystal 
semiconductor layer by thermal adhesion to the 
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temporary substrate, through the electrically in- 
sulative layer, and thinning the semiconductor 
layer to form the SOI substrate having the single 
crystal layer. 

19. A method of producing a semiconductor device 
according to claim 17, wherein forming the SOI 
substrate includes forming the electrically insula- 
tive layer by depositing a silicon nitride layer (504; 
507; 509) as an underlayer on the temporary 
substrate, depositing a silicon dioxide layer (505, 
506; 508; 510) by CVD, and fixing the semicon- 
ductor substrate to the silicon dioxide layer by 
thermal adhesion. 

20. A method of producing a semiconductive device 
according to claims 17 to 19, further including 
opening a through-hole (412) in a given position 
of the exposed electrically insulative layer and 
forming a metal film (13; 414) on the exposed 
surface thereof; patterning the metal film to form 
a mask (413) layer which covers partly or entirely 
one of the integrated circuits, and concurrently 
forming an electrode pad which electrically con- 
nects to the integrated circuit through the 
through-hole; coupling a counter substrate (202) 
formed with a transparent electrode, to a surface 
of the insulative layerformed with the mask layer, 
leaving a gap, and filling an electro-optical mate- 
rial (204) in the gap. 

21. An image projection apparatus (301) having a 
light source (302) for irradiating at least one light 
valve (303, 304, 305), and an optical lens (306) 
for projecting an enlarged image displayed on the 
light valve(s), wherein the light valves each com- 
prise a semiconductor device as claimed in any 
one of claims 1 to 16. 
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